Since the publication of the previous paper,1 stereotaxic operation was carried out on three patients for pain relief and two brains were histologically examined.
In the animal experiments, the activity of 161 thalamic pulvinar neurons of cats was examined with somatic, visceral, visual and auditory stimuli. The results obtained in these investigation are described in the present paper.
METHODS AND RESULTS

1) Animal experiments
The experiments dealt with the single units of the thalamic pulvinar nucleus in cats. The methods and techniques used in this study were essentially the same as those 3) The verification of the sites of lesion produced by stereotaxic operatio n
The brains from 2 patients who suffered from cancer and wer e completely relieved f rom intractable, and chronic pain after the site of stereotaxic o peration was examined histologically (Cases 6 and 12 desc ribed in our previous paper1) . The brains were removed , and fixed in 10% formalin . 
DISCUSSION
The present study shows that the pulvinar units activated by scratching the peritoneum and/or by stretching the mesentery also responded to the administra tion of acetylcholine and bradykinin into the mesenteric artery. It is well known that scratching the peritoneum and stretching the mesentery evoke visceral pain in the human. Taira et al.2 showed that acetylcholine and bradykinin administered into the mesenteric artery induced the nociceptive response of intestine, e.g., vocalization in immature dogs. Lim and Guzman3 indicated that intraperitoneal injection of bradykinin induced pain sensation in the human. Burch and DePasquale4 administered bradykinin into the brachial artery of the human, showing that pain sensation began at 30 seconds after administration, became severest after 45 seconds, disappearing after 60-120 seconds, while residual sensation of warmth occurred at 120-180 seconds after administration. In the present study, when bradykinin was administered into the mesenteric artery of the cat, the impulse frequency in the pulvinar neurons increased with a similar time course to that of pain sensation, as described above. From these facts it may be considered that abdominal stimuli employed in this paper evoke abdominal pain in cats. It was found that 32.3% of the pulvinar neurons received nocicep tive inputs from the abdomen. This corresponds well with the present clinical observation that the stereotaxic thalamotomy relieved the patients from intracta ble visceral pain.
Out of 12 patients who had been relieved completely from intractable pain after the stereotaxic operation, 8 died within 4 months after the operation, mainly of the malignant tumor. Therefore it is difficult to determine precisely how long the effect of this operation endures. Other 4 patients who were alive for more than one year after the operation were relieved completely from intractable pain, and such pain did not reappear. Therefore it seems to be probable that such effect may continue more than one year, if we operate the patients who needs narcotics or strong analgesics for pain relief.
The histological results obtained indicate that our stereotaxic operation partially destroyed the dorsal pulvinar nucleus, the fornix and the corpus callosum. However, which site of these regions is essential for pain relief is not clear from the results obtained. This remains to be clarified in future. Heath et al.5 applied the stimulation to the septal region of human patients, indicating that endogenous pain was relieved for several hours to 2 or 3days, although exogenous pain by pinprick, and electrical and thermal stimuli was perceived. It is known that fornix fibers form an afferent pathway to the septum.6 Therefore, it may be probable that fornix lesions were effective in pain relief. Emotional changes induced by the present stereotaxic operations might be due to the destruction of the fornix, since the fornix provides an anatomical substrate for neuronal activity concerned with emotion.6 Visceral and somatic pathways were convergent in the pulvinar neurons of cats. This convergence might originate from neurons in Rexed's laminae V and VI in the dorsal horn of the spinal cord, since in these regions the convergence between visceral and somatic inputs was found by Selzer and Spencer. 7.11 Ojemann et al.9 have shown that anomia was induced by the stimulation of the anterior superior pulvinar in the human patients. Van Buren and Borkeio noted that the anterior superior pulvinar was destroyed in the brains from patients suffering from speech loss. However, speech disorders were not found in the pre sent study.
